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The  introduction  of  Inhibitors  Into  a  corroslon-aotlve 
solution  truly  changes  the  properties  of  the  metal  surface  if 
the  Inhlhltor  partlclea  are  adsorbed  ^or  this  reason 

the  question  of  the  ability  of  tha  Inhibitor  to  be  adsorbed 
is  very  important  in  determination  of  the  meohanlsm  of  ac¬ 
tion  of  additives  as  Inhibitors. 

We  studied  tha  effect  of  haxaaethylenetetraaino  as  tha 
inhibitor  on  the  properties  of  the  surfaoea  of  steel  and  mer¬ 
cury  in  a  sulfuric  sold  solution.  The  main  results  and  methods 
have  been  described  before  in  ^2  -  It  vaa  proven  that 

active  partioles  in  the  solution  srt  those  of  hoxaaothylono- 
totramine  and  of  the  produots  of  its  aoid  daoooq^sltlon 
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^ABd  AltotrorAdaotlABt  of  YArlono  ooaq^oiltloiui 

and  0truetturo8(  fonuldohyde*  asaonlA  or  all  togethor,  la 
other  vorda  '‘hezamethylenetetraalne  ooaplex".  ThuOf  heza- 
methjleaetetraittine  is  olasalfied  by  ua  in  the  aized  olass  of 
inhibitors  of  >  the  cation-aolsoular  t]rpa.  Ths  inhibiting  ao<A 
tion  of  hezaaethylesetetraaine  is  explained  by  changes  of 
properties  of  the  sulforio  aoid  splutiont  inorease  in  pH 
and  aoeuaulation  of  rarious  substanees  of  the  hexaaethylena- 
tetraaine  ooaplex  depending  on  the  pH  of  the  solution.  In 
addition,  the  adsorption  of  hezaaethylenetetraaine  on  the 
aurfaoe  of  metal  changes  the  structure  of  the  double  layer 
and  also  changes  the  active  unscreened  corrosion  surface. 

The  last  function  of  the  hezaaethylenetetraaine  is  auoh  more 
important  in  the  concentrations  of  acids  used  in  piohling 
and  nanufacturlng. 

Our  eleotrooapillary  neasureaenta  ahoved  that  all  in¬ 
vestigated  eonoentrations  of  hezaaethylenetetraaine  shift  the 
zero  charge  potential  of  aeroury  in  U2^0J^  to  the  positive  side. 
The  magnitude  of  shift  in  1H  is:  for  oonosntration 

1  g/l  —  ^0  mv;  for  10  g/l  —  50  avj  for  40  g/l  —  100  av 
(very  similar  values  vers  obtained  by  us  for  0.2  N  H2S0j^). 

The  speoifio  adsorption  on  tha  positively  charged 
stirfaoe  is  also  evident  for  all  solutions  of  hezaaethylane- 
ilLStrajiine .  It  is  observed  during  shift  of  the  potential  — ^ 
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to  the  positive  elde  of  the  potential  of  the  zero  charge  for 
solutions  with  1  and  10  g/1  of  hexamethylenetetreolne  by  50  * 
100  3V,  and  for  a  solution  with  ^0  g/l  by  200  -  250  mv  (this 
is  only  part  of  our  data). 

?hu  stationary  potential  of  the  corroding  steel,  co¬ 
vered  with  scale  and  steel  without  eeale,  depends  on  the  con¬ 
centration  of  hexaaythelenstetraadne  and  on  the  concentration 
of  acid.  It  nay  be  shifted  either  In  the  positive  or  in  the 
negative  direction  with  respect  to  the  stetlonery  potential 
in  the  saaie  solution.  Such  a  characterlsite  effaot  of  hexa- 
aetri3'’lenetetraalne  on  the  magnitude  of  the  stationary  poten¬ 
tial  causes  c'esorptlon  of  the  Individual  ocmponent  parts  of 
the  hexamethylenetetramine  complex  during  anodic  polarization 
of  steel. 

In  H.pS0^  solution  containing  1-10  g/l  of  hexa&ethyl- 
enetetramine  the  values  of  stationary  potential  and  of  the 
zero  charge  potential  are  very  close.  Thus,  in  anodio  polari¬ 
zation  at  30  -  50  mv  the  desorption  potential  is  reached  for 
the  cation  part  of  the  hexemythelenetetr amine  complex,  the 
anodic  polarization  curves  in  this  ease  have  obaraoteristlo 
desorption  slopes.  The  anodio  curves  for  solutions  whloh 


contain  only  forhaldehyie  do  not  have  suoh  slopes.  However, 
It  is  only  the  cation  fraction  of  the  hexamethylenetetramine 


M  * 


I  complex  1^.1  oh  Is  desorhod  and  not  the  moleoular  fraction*  I 
In  0.2  N  HgSO^  which  contains  40  g/l  of  hexane thjlanetetraaina 
the  etationarv  potential  (0420  mv)  is  much  more  negative  than 
the  zero  charge  potential  (-330  mv),  therefore,  under  these 
ocnditions  the  desorption  potential  is  not  reached. 

At  all  values  of  the  stationary  potential  a  speeifio 
adocrption  of  the  cation  fraction  of  the  hexamethylenetetramine 
complex  ie  observed  at  the  anode*  The  eleotrostatio  adsorption 
can  take  place  in  that  case  when  the  stationary  potential  Is 
more  negative  than  the  potential  of  the  zero  charge.  The  oom- 
bination  of  the  polarization  investigations  with  steel  and 
polarographio  and  electrocapillary  investigations  with  mercury, 
along  with  the  eimultaneous  registration  of  ourrent  in  the 
electrooapillary  apparatus  circuit  proved  to  be  highly  ef¬ 
fective  for  determining  the  aechaniem  of  the  inhibition  ac¬ 
tion. 

The  mechanism  of  the  action  of  the  additives  to  solu¬ 
tions  should  be  divided  Into  two  groups: 

1 )  Additives  which  during  polarization  do  xiot  ohangs 
their  ohemical  nature  and  at  definite  values  of  the  potential 
are  desorbed  from  the  surface  of  metal. 

2}  Additives  i&ich  are  adsorbed  at  definite  values  of 
the  potential  and  are  oxidized  or  reduced.  The  effectiveness 
I  of  such  additives  as  inhibitors  is  lowersd  at  those  potentials 
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|i%  vkiloh  tleotroehwKlo&l  prooeaaes  talce  plAoa.  '  I 

Oatbodea  and  anodaa  May  adsorb  oationsi  anions  and 
Boleoulss.  Ihslr  adsorption  is  duo  to  tho  action  of  olootro- 
static  and  spseifie  foreos  or  gonsrally  by  ons  typo  of  foross. 
In  polarisation  with  srtomal  onrrsnt  tho  slootrostatio  affect 
on  the  adso|i^tion  of  partiolss  fron  solntion  is  frssly  regu¬ 
lated.  In  this  tho  potential  of  tho  olsotrodo  either  approaoh- 
es  or  Is  further  reaored  from  tho  potential  at  uhieh  the  ac¬ 
tion  of  these  apeoifio  foreos  is  prodoadnant.  The  obtained 
results  for  the  additlros  of  the  Moleonlar  and  oationio  type 
iviilch  vere  obtained  in  our  inTostigations  and  also  the  analy- 
sit  of  the  literature  data  on  the  additiros  of  tho  anionio  . 
type  £^5$  pormitted  the  ostablishnont  of  a  noaber  of  ohara- 
cteristlc  signs  for  the  adsorption  prooosses  and  to  establish 
the  relationship  between  the  typos  of  adsorption.  Magnitude 
of  adsorption  (  P  ) ,  polarisation  potential  ( (P  ) •  soro  ohargs 
potential  (C|2|)  end  the  types  of  additiros,  as  it  is  shown  in 
the  diagrsM. 

for  all  types  of  additiros  in  tho  1  and  1”  regions 
eleetroohsMioal  react ions  take  plaoe,  ihile  the  regions  2  and 
2*  and  3  sre  those  where  adsorption  takes  plaee.  the  boundar¬ 
ies  between  these  regions  are  net  stationary  (they  are  deter- 
Mined  by  many  faetors  which  are  not  considered  here),  thus  we 


show  then  with  wary  lines. 
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Pig.  Typical  Paglona  of  tha  Adaorptlon  ProoeBsot  at  the 
SleotrodBB  Polarlzad  ^y  Zzternal  OorrantB 


Xa  oftthodlo  polftrisfttioa  tht  al^otroitatio  adsorption 
of  oatioas  Inoraasas  (ourva  ELOOD) »  and  for  anions  it  lovars 
(curve  iBOS?).  Iha  spaoifio  notion  Inoreasas  the  adsorption 
iftdep^ndantly  of  the  nature  of  partiolast  Ihus»  if  the  addi¬ 
tive  is  unchanged  eleotroohaaloally  the  true  adsorption  curve 
for  the  additive  of  the  oatlonlo  type  nlll  be  MXBOD*  Kihlle 
for  the  aclonio  type  —  iBOXH.  7or  such  substances  oharao- 
teristlo  adsorption  la  ehaant  at  daflalta  potentials  (to  the 
Isft  and  to  the  right  of  points  M  and  S). 

?or  addltivaa  Mbloh  are  eleotroozidized  or  eXeotrora- 
duoad  the  trua  adsorption  shall  ba  SELBODT  and  PABOSJX  ree- 
paotlvely. 

If  the  molaoular  subetanoa  does  not  change  the  zero 
charge  potential  then  In  moving  away  from  the  to  either 
side  ''  '  the  spaoifio  adsorption  daoraaaas  (region  3*  curve  BG). 
In  the  following  change  of  thalpoteatial  to  either  side  a  oor- 
respoxiding  reorientation  of  polar  ooleoulee  nay  ooottr»  then 
the  adsorption  of  nubetanoes  increases  aa  a  result  of  eleotro- 
i^tatlo  foroas  (OP  and  Bl) .  The  poeslbillty  is  not  excluded 
that  oxidation  or  reduction  of  aoleoulee  nay  ooour  at  further 
changes  of  potential  (IP  end  PT).  It  is  also  possible  that 
vith  the  lowering  of  the  notion  of  the  spaoifio  adsorption 
forces  a  desorption  of  aoleoular  substanoee  nay  bsgini  then 
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the  eurvo  for  the  moleeules  itiil  follow  the  dlreotlon  of  I 
OSH  aad  Bl^.  A  dlffereat  path  for  the  edeorptloa  oarwes  it 
al&G  possible  in  which  only  one  type  of  edeorptlon  te  pre^ 
d^iailnant . 

'fhe  eehene  for  wlettal  representation  of  the  relation¬ 
ship  between  types  and  magnitudes  of  adsorption,  .types  of 
ndditlYea  and  polarisation  potential, is  cited* 
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